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The Energy/
Environment
R & D Decision Series
This volume is part gf the EnergN/Environment
R&D Decision Series. The series presents the key
issues and findings of the Interagency Energy/
Environment Research and Development Program
in a format conducive to efficient information (
transfer.

The Interagency Program was inauguratedin fiscal4
year 1975. Planned and coordinated by the
EnvironMental Protection Agency (EPA), research
projects supported by the program range from the ,
analysis of health and environmental effects of
energy systems to the developm f
environmental control techno ' s.

The Decision Series is produced for both energy/
environment decision-makers and the interested
public. If you have any comments or questions,
pleaese write to Sees Editor Richard Laska, Office
of Energy, Minerals and Industry, RD-681, U. S.
EPA, Washington, D. C. 20460 or call (202)
755-2940. Extra copies are available, This
document is also available to the public through the
National Technical Information Service,
Springfield, Virginia 22161. Mention of trade
-names or commercial products herein does not
constitute EPA endorsement or recommendation
for use.
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The Energy/
Environment Fact Book

Preface

The following collection of graphics and data were

prepared in response to a request from the white

House Energy Policy and Planning Staff. This

information comprises the draft of Chapter 11 of

the U. S. Department of Energy (DOE) Fact Book.

The focus of this ch pter is on those environmental

issues which, during the near and mid-term, will

prove important to the rapid development of

domestic energy resources, The most important

energy resource during this period will be coal; the

emphasis of this report is on coal. Other near and

mid-term energy sources, such as nuclear, oil shale,

oil and gas are discussed to a lesser degree. Some

sources, such as solar and geothermal, are scarcely

touched upon because of the long-term nature of

their promise. However, good references for these

can be found in the 'Further Reading ' section

at the end of the report.

Much of the information in this volume

approximate. It represents the latest data available

in summary fora, That data were drawn from

differing sources using differing assumptions is

obvious from the inconsistencies of some of the

estimates. The intent here, however, is,to

communicate concepts rather than technical detail.

In pursuit of this goal, many of the qualifiers which

would otherwise accompany such scientific data

have been eliminated. It is hoped that this editing

process did no injustice to the truth. We welcome

your suggestions.

United States Environmental PrQtection Agency

Office of Research and Developkent

Office of Energy, Minerals and Industry

January1978
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1 Trends

Introduction
Energy systems, esPecially.electric power
generating plants, can impose upon the
environment in many ways. Federal standards have
been set for a number of the major pollutants from
power plants. These standards are based upon the

measured health and welfare impacts of such
pollutants, and,upon the availability of effective
technologies to control the pollutants. They set
maximum allowable levels of both air and water
pollution. These levels limit either the pollution
which a plant ma9 emit (performance standards) or
the concentrations of pollution to which people
may be exposed (air quality standards).

SignifiCant progress has been made in recent years

in controlling sevef major pollutants. Others
remain intractable, in this section is upon

those pollutants, such as sulfur oxides, nitrogen
oxides and particles, which are most associated

with coal combustion.

e".
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4 Sources of Pollution
6 Air Quality Standards
8 National Air Pollutant Emissions
9 Air Pollution Trends

10 Sulfur Dioxide Trends
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irces
'ollution:
gy Contributes a ,Major Air /

r Share Pollution Sources
wer generation is far and away thre

itionary source of sulfur oxides. The

and industrial sectors arc major sources
9oltutants Transportation sources
much of the carbon monoxide. The

nd electric utility sectors are major
s of particulate matter to the
e.

the other hand, produces a
Ince oPthe world's hydrocarbon
However, such natural sources are
ersed. They do not usually expose
areas to high concentrations as do
de ources.

Ind chart indicates gross quantities

iants released by stationary combustion
npared with emissions from mobile and
in and natural sources. The right-hand

.aces stationary sources of pollution into
)es, and shows the relative proporjion
water pollution and solid wastes from

Particles

Sulfur oxides

(SOx)

Nitrogen oxides

(NOx)

Hydrocarbons

(HC)

Carbon monoxide

(CO)

'

Source 10' % of 10' % of IO %At 10" % of .10" % of
ton/yr total ton/yr total ton/yr total ton/yr total ton/yr total

'Naturee" U 4.2 11.9 IJ 30.7 455
Stationary 7 1 U 22.1 62.6 11.0 U 0.4 05 1.1 U

Combustion

Transportation 0 8 (1 ELI .1 1 11.2 11 19.8 29.3 1115

Industrial ,14.4 (1 7 5 ' 213 0 -2 (1 5 5 8'1 12.0
Processe,,

Miscellaneous 12.8 11 4 1 1 2.4 ll 11 2 I6.6 20 1

Total. 35 1 (1 35.3 1000' 11 07 6 1(1(1(1 (1 (1

"Natural emissions estimated by multiplying total natural emissions by the ratio of U S. to global and surface area.
unknown

Sources: GCA Corp , 1976.
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Emissions from

Sfationary Combustion Systems

Ati Water Solid waste

Par-

tides

%

' Sulfur

oxides

SON,

%

Nitrogen Hydro- Carbon

oxides carbons monoxide

NON, HC, CO,

% % %

Organics

Total

solids,

%

Dissolved

solids,

%

Waste heat,

%

Total

ash,

%

Fly

ash,

%

Desuliur

ization

solids,

%

BSO,

%

PPOM,

%

BaP,

%

Electric Generation 63.8 72.5 04.6 34.0 33,6 8.8 0.3 0.2 94 94 80 87 94 94

Industrial 283 14.5 24.7 22.3 14.9 20.0 0,5 1.3 6 6 20 10 6 6

'Commercial/ 4.9 6.7 7,3 12.2 7.7 16.0 0,2 0,4 <1 <1 <1 1 <1 0

Institutional r.

Residential 3.0 6.3 3.2 31.5 44.7 55.2 99.0 98.1 NIL NIL NIL 2 '0 ,0

Total, 10' ton/yr 7,060 22,100 10,950 353 1,070' 125 4.14 0,40 5,000 3,700 79 x 10" 131U/yr 54,000 36,000 3,500

BSO ,-- Benzene soluble organics

PPOM: Particulate polycyclic organic material

BaP =BP11/0 (d) pyrene

Source. GCA Corp 1976



Air Quality

Standards
Limits for Exposure

and Emissions

There are two types of federal standards set to

control air pollution. New Source Performance

Standards set a maximum limit on the

concentrations and/or volume of emissions from

each type of source (e.g., power plant). The other

tope, National Ambient Air Quality Standards,

define the maximum tolerable concentrations for

various pollutants in the air we breathe.

New Source Performance Standards apply to new

or modified sources of emissions (e.g., power

plants).

Ambient Air Quality Standards apply to the air we

breathe. They'are based upon measurements of the

human health impacts of pollutants (primary

standards) or of the welfare impacts of pollutants

(secondary standards). These standards have been

established by the Federal government for five

pollutants: carbon monoxide, oxidants/ozone,

particles, nitrogen dioxide, and sulfur dioxide.

Fossil fuel combustion for power and transportation

is responsible for most of the emissions of these

pollutants. In 1975, national air monitoring

indicated that standards for every p011utant were

violated some place at some time.

The relationship between emissions and ambient air

quality is complex and depends on wind and

weather conditions, topography, stack heights, and

temperature of emissions. For example, when the

wind speed is low emissions may rise higher, spread

more slowly, and reach the ground at a more

distant point than with a high' ind speed.

15

1975 Air Quality Stations at

which Standards

were Exceeded ,

Air Quality Control

Regions (AQCR) which

Showed Violation

Pollutant,

I Standards No, No.

Total Suspended Particulates (TSP) Primary annual 437 of 2186 20 116 of 216 53.7
Total Suspenkgarticulates (TSPi Primary 24-hour 311 of 4137 7.5 108 of 243 44.4
Sulfur Dioxide SO2)1 Primary annual 35 of 1357 2.6 12 of 187 6.4

Sulfur Dioxide SO2)i Primary 24.hour 142 of 2631)4 5.0 37 of 229 16.1

Carbon Monoxide (C01 Primary 1-hour 28 of 436 6.4 15 of 117 12.8

Carbon Monoxide (C0) Primary 8-hour 232 of 436 53 2 77 of 117 65.8
Oxidants/Ozone (0x/0,) Primary 1-hour 356 of 416 85.6 96 of 102 94.1
Nitrogen Dioxide NO2)( Primary annual .19 of 824 2..3 ,5 of 128 3,9

Source. Faoro, 1977.

New Source Performance

Standards for Fossil

Fueled Steam Generators

SO2 NOxa Particles

Liquid Fossil Fuel

Solid Fossil Fuel

Gaseous Fossil Fuel

14g /10° cal

2 29,1102ca

0.54g/ cal

1 26g/102 cal

0 36006 cal

0 18g/102 cal

0 18g/10° cal

'0 18g/102 cal

Opacityb

20%

20%

20%

81Nhen fuel containing 25% by WI or more of coal refuse is burned in combination with other fuels, the NOx standards do not apply.

hA maximum of 40% is permitted for not more than 2 rtrinutes in any hour

Source, 40 CFR 60.
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Ambient -Air
Quality Standards

Pollutant Time Period/Standard

Maximum

Permissible
Concentration

Total Suspended Particulates (TSP)

Sulfur oxides (measured as SO2)

Carbon monoxide (CO)

Oxidants/ozone (0x/01)

Nitrogen dioxide (NO2)

Hydrocarbons (HC)

Annual, secondary

Annual, primary'

24 -hour, secondaryb

24-hour, primary

60 u9/m3

75 P9/m3

150 Pg/m3

260 iig/m3

Annual, primary 80 pg /rn3

24-hour, primary 365 pg/m)

3-hour, secondary 1300 pg/m3

1-hour. primary

8-hour, primary

40 mg /m'

10 mg/m3

1-hour, primary 1601-19/W

Annual, primary

Annual, secondary

100 ug/m3

100 pg/m3

3-hour, primary. secondary 160 Wm'

'Primary: to protect public health

bSecondary: to protect public welfare,

'Hydrocarbons: Hydro6rbon standard does not have to be met if oxidant standard is met.

Source: 40 CFR 50.



Natinal Air
Pollutant Emissions
These charts show emissions estimates by year and

by the type of source. Particulate matter was

significantly reduced (by 33%) and carbon

monoxide moderately reduced (by 15%) over the

six-year period 19701975. Transportation

accounts for most of the carbon monoxide and

hydrocarbons and nearly half of the nitrogen oxides

emitted. Stationary fuel combustion and industrial

processes are major sources of particulate matter,

sulfur oxides, and nitrogen oxides.

Annual iRstimates,

1970 1975

106 tons/yr

Year Particles SOx NOx HC CO

1970 26.8 34.2 22.7 33.9 113.7

1971 24.9 32 3 23.4 33.3 113.7

1972 23,4 36.7 24.6 34.1 115.8

1973 219 35.6 25,7 34,0 111,5

1974 20 3 341 25 0 32.9 103.3

1975 18 0 32 9 24 2 30.9 96.2

Source U S EPA, 1976 11

16

National Emission
Estimates
By Source, 1975 (106 tonslyr)

Source category Particles SOx NOx HC CO

Transportation 1.3 0.8 10.7 11.7 77.4

Highway 0.9 0.4 8.2 10.0 67.8

Non highway 0.4 0,4 2.5 1.7 9.6

Stationary fuel combustion 6,6 26.3 12.4 1.4 1.2

Electric utilities 3.5 21.0 6.8 0.1 0.3

Industrial fuel 2.5 5.0 4.9

Other 0.6 0,3 0.7 1.3 '0.9

Industrial processes 8.7 5.7 0,7 3.5 9.4

Chemicals 0.2 1.0 0.3 1.6 3.3

Petroleum refining 0.1 0.9 0,3 0.9 2.2

Metals 1.3 3.2" 0 0.9 2.2

Mineral products 4.5 06 0.1 '0 0

Other 2.6 <0.1 <0,1 08 1.1

Solid waste 0.6 < 01 02 09 3.3

Miscellaneous 0.8 0.1 0.2 13.4 4.9

Forest wildfires 0.4 0 0.1 0.6 3.3

Forest managed burning 0.1 0 < 0 1 0.2 0.5

Agricultural buhing 0.1 0 < 0 1 0.1 0.6

Coal refuse burning 0.1 (1.1 01 0.1 0.6

Structural fires 0.1 0 <0.1 <0.1 0.1

Organic solvents 0 0 0 8,3 0

Oil and gas production

and marketing
(1 0 0 4.2 0

Total 18.0 32.9 24.2 30.9 96.2

Source: U. S. EPA, 1976b
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Air Pollution Trends

Progress Against Air Po llut on Trends:

CO and Particles Emission by Source

Improved automotive emission controls have

resulted in lower carbon monoxide levels in the air.

Control equipment, such as filters and precipitators

in industrial and electric power plants, has reduced

the concentration of particles in the atmosphere.

However, comparable progress with other

pollutants has not been achiged during the period

1970 to 1975.

30

20

O

E
10

E

Year 70 71 72 73 74 75

30

2 20

10

E

0

Year 70 71 72 73 74 75 Year 70 71 72 73 74 75 Year 70 71 72 73 74 75

Source: U. S. EPA. 1976b.

Legend:

Transportation

Industrial Processes

40

20

10

IStationary Source

Fuel Combustion

Solid Waste &

Miscellaneous

120

110

0

Year 70 71 72 73 74 75

40

30

20

1

80

70

60

50

40 -

3

2d

10 10

Carbon Monoxide

1 1 i 1



Sulfur

Dioxide Trends:

Some Progress,

Potential Problems

The major source of sulfur oxides in the

atmosphere is the combustion of fossil fuels,

especially the with high sulfur content. The most

common sliffur oxide from combustion is sulfur

dioxide (S02):Sulfur dioxide in the atmosphere

converts to sulfates, which can damage the lungs,

and to sulfurous or sulfuric acid, which increases

the acidity of rainfall. Trend in Average.
Over the past two deCades, the shift to cleaner Annual Levels
(low-sulfur) fuels such as oil and natural gas has

resulted in a significant decline in the level of SOzin

the atmosphere. This trend has leveled off recently,

However, slight increases have been noted in

places such as Los Angeles and parts of the
60

Northeast. In Los Angeles, for example, relatively

low'sulfur dioxide levels have increased coincident ri
with the curtailment of the use of natural gas as an E 50

industrial fuel. A shift to coal from natural gas and

oil will require strict environmental controls if 0

standards are to be maintained. 2 40

0

(-)

30

<c

2
c 20

10

0

64 65 66 67 68 69 70 71

Sources: 1964-1970 U.S. EPA, 1973).

1971975 U. S. EPA, 1976 b.

10

72 73 74 75
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6

Air Qui lity

Control Regions

Status of Compliance with Ambient

Air Quality Standards for Sulfur Dioxide

Areas in Compliance

Area with Violations

Areas will Inadequate Data

Status Unknown

I
Source U S. EPA, 1976a



Sulfur-OxideEmissions
ly from

Staticmary Sources
Large concentrations of sulfur oxide emissions
occur in an area extending from Eastern Ohio,
through Western Pennsylvania, to Maryland and
West Virginia. This area accounts for more than 10
percent of the total sulfur oxide emissions in the
nation . Another emission belt is located in Southern
Illinois, Indiana. and Kentucky. Prevailing wind
conditions tend to carry a portion of these sulfur
oxide emissions, and their transformation products,
int.C-) the populous urban areas of the Northeast.

12



Key:

SOx Emission Densities

Greater than 99,999 kg/km2

50,000 99,999 kg/km2

0 10,000.49,999 kg/km2

0 Less than 10,000 kg/km2

IN+ Normal July Surface Wind Direction

Sources: Sulfur oxide emissions data from Teknekron, 1977

Wind direction data from NAS, 1975, 28

Pi? 13



Total Suspended
Particulate Matter Trends
A Significant-

Improvement

Particles of dust, smoke, and mists suspended in

the atmosphere are a widespread problem. Such

particles, especially the fine particles, have
been;

shown to imbed in lung tissues and can aggravate,

or create, serious health problems.

Trends in particulate levels since 1970 show a

general improvement at a rate of four percent per

year, with the result that 38 percent fewer people

throughout the country are exposed to levels higher

than the health-based primary air quality standard.

Improvement rates have differed in various parts of

the country, with greater mprovement in the

Northeast and Great Lakes areas andllower rates in

some Western States which have significant natural

sources of particles.

Despite the improvements, approximately 28

pertent of the Nation's population still lives in areas

where the annual standard is exceeded.

Trends

45%

43% Population Exposed to Total Suspended

Particulates in Excess of Primary Standard

37%

32%

30%

28%

1970 1971 1972 1973 1974 1975

National Average

1960 62 64 66 68 70 72

Source, U. S. EPA, 1977 a. Sources 19k-1970 U. S. EPA, 1973. 1971.1975U. S. EPA, 1976 b.

14
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74 75
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Air Quality Control Regio
Status of Compliance with-A
Quality Standards for Suspei



Air
rticulates

Areas in Compliance

Area with Violations

1111 Areas with Inadequate Data:
NM Status Unknown

Source: U. S. EPA, 1976a.

2
32
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State Air Quality
Implementation P
Blueprints far Meeting
Air Quality Standards.
Each state is required to show, through a
comprehensive plan of development,
transportation, and pollution controls, how it will
meet national air quality standards. A review of
these plans by the U. S. Environmental Protection
Agency has determined that most of the plans were
inadequate to meet standards for one or more
pollutants. The maps show those states whose
plans are inadequate to comply with standards for
each of the five pollutants for which standards
were set.

State Implementation Plans (SIPs), along with auto
emissions and new source performance standards,
are the primary modes of achieving National Air
Quality Standards and pollution controls.

33'



Summary: Number of Pollutants for

Which Revisions Are Necessary.

4

HAWAII

uum oleo

Q
MIDI

co
OQ

Source: U. S. EPA, 1977g.

Key: Plan Revisions Required for:

= No pollutants

= 1 pollutant

0 = 2 pollutants

N. 3 pollutants

= 4 or more pollutants



States with Inadequate

All Quality Plans July 1, 1976

SIPs in the far West and in the East indicate

widespread inadequacy to meet carbon monoxide

standards. Nitrogen oxides are produced by

stationary fuel combustion and, to a lesser extent,

by transportation.

Combustion of fossil fuels in general, and of coal in

particular, is a major source of sulfur oxides and

particulates. Approximately 55% of human

generated sulfur air emissions, and 25% qf human

generated particulate emissions, are from coal

combustion for electricity.

37

18

44.

Carbon Monoxide

Oxidants

3s



Sulfur Dioxide

11111/g1

PI in
414

Total Suspended Particulates

Source Adapted from
U S EPA, 1977g,

AiV
-



Water Pollution
Standards
Controlling
Water Impacts
Water pollution guidelines and standards are in
effect for the specific pollutants that result from
power plant operations. Allowable discharges for
each pollutant are given in the accompanying table.
In addition, polychlorinated biphenyls (PCBs),
which are potential carcinogens, may not be
emitted from any source.

Current federal regulations require that, with
certain exceptions, closed-cycle cooling systems
(i.e., recirculation cooling) be used on large steam-
electric generating plants placed in service after
1970, and on certain smaller units placed in service
after 1974. The cooling water discharge limitations
for pollutants are shown in the opposite table under
"cooling water blowdown".

40
20
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SteamElectric
Power System

Allowable Discharges
Allowable Discharge is Effluent Flow Multiplied by the Following Concentrations in mg/la

Pollutant

Characteristic Total Suspended

Solids

Oil and

Grease

Copper,

Total

iron,

Total

Free Available

ChloAnec Corrosion

Inhibitord

Eff1tient ' pH Mat b Avg,b Max. Avg. Max. Avg. Max. Avg. Max. Avg.

Low Volume Wastes 6,0-9.0 100 30 20 15

Bottom Ash Transport 6,0-9.0 100 30 20 15

Fly Ash Transport 6.0-9.0 100 30 20 15

Metal Cleaning Wastes 6.0-9.0 100 30 20 15 1.0 1.0 1.0 1.0

Boiler Blowdown 6.0.9.0 100 30 20 15 1.0 1.0 1,0 1.0

Cooling Tower Blowdown 6.0.9.0 0.5 0.2 NDAb

Area Runoff 6.09,0 \ Not to exceed 50

a-No discharge of polychlorinated biphenyl compounds such as those used for transformer fluid is allowed,

b.Abbreviations used: Max. = Daily maximum, Avg. = Daily average for thirty consectttlye days; NDA = No detectable amount.

C.Chlorine may not be discharged on the average from any unit for more than rvo hours in any one day.

d-Includes zinc, chromium. and phosphorous.

Source 40 CFR 423.

$
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Alternative Fuels

and Processes
Introduction
Different fuels, and different ways of using the same

fuel, can produce dramaitically different pollutant

loads lwaddition, these various fuels and processes

each impose a range of demands on other

resources, especially water. Choosing the right mix

of fuels and processes requires a workable balance

between energy needs, fuels, technologies,

environmental constraints and other demands

upon our limited resources.

A'

J

Contents

24 Alternative Fuels and Air Pollution

25 Sulfur Emisions from Coal Combustion

26 Emerging Energy Technologies

27 Nuclear Energy

28 Water and Energy Development

30 Energy Processes and Water
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Alternative Fuels
and Air Pollution
Coal Use Requires

Stringent Emissions
Control

The fuel used, the type of combustion technology,

and emissions control technology adetermine the
amount of air pollutants emitted by electrical power

plants. Power plants fueled with low-sulfur coal

(e.g., 0.5%) can meet thp,mission requirements

of current new source performance standards, But

the use of the more abundant higher sulfur coal

must also be expanded.

Flue gas desulfurization using high sulfur coal is one
option. The advantages are lower sulfur emissions

and expanded utility, of high-sulfur eastern coals.

The disadvantages are significant capital and

operating costs, energy efficiency losses, and

sludge disposal requirements.

Pollution from
Different Fuels

Atmospheric fluidized bed combustion, still in the

experimental stage, promises to give higher

efficiencies and lower NOx and SOx emissions, but

may also increase solid waste disposal problems.

Oil and natural gas are far cleaner to burn, These

advantages are counterbalanc d by the need for

these scarce fuels for other us s such as home

heating, transportation, and as Omical
feedstocks

1000. MW Power Plant

65% Load Factor with

Various Controls

Low Sulfur Coal'''

(0.5%S)

Fuel Consumption 3,270,000 tons/yr

High Sulfur Coal'

with FGI).85%

(3.0%S)

Atmospheric'

Fluidized Bed

Combustion

Residual 00

FGD85

(3.0%S)

2,500,000 tons/yr 2,150,000 tons/yr 400;(10° gallons /yr

Natural'

Gas

56x10' ft' /yr

Air Pollutants

High BTU'

Gasification

",60x10' ft)/y(

SOx lion; yr) 35,000 23,00o 19,000 14,000
280NOx (tons /yr) 21.000 22,000 11.000 21,000 20.000 20,600Particulates (tons 'yr) 3,000 3,000 2,700 1:500 300 350,Other Pollutants

Solid Waste Om yr) 0 700,000 1,200,000 450.00' 0 60.400(Sludge) ,

Ash (tons yr) 320,000 250,000 210,000 0 0

' 33% Eff. 9,000 BTUltonHHV

31% EH, 12,50(1 BTU/ton HIV

' 36% EH, 12.500 BTU /ton HHV

' 31% EH, 150,000 BTU/gallon HHV

° 33% Eff, 1.050 BTU /slit' HHV

° 33% Eff, 1,050 BTU/slit' HHV (Conversion Emissions Added I

Mediumito,high sulfur coals can be physically or chemically cleaned. The use of cleaned coals is expected
to produce pollutant loads similar to those of naturally-occurring lowsulfur coals.

Source: U.S. ERDA, 1977 a.
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Sulfur Emissions
from Coal Combustion
Each Coal Is Unique

There is no such thing as a "typical" coal. Co
dais

from

different regions will vary widely in heat value per

ton, moisture, ash and sulfur content. For,example,

many western (dais are lower in sulfur content than

eastern coals, but they are also lower in heating

value. Hence, a greater quantity of western coal

would have to be burned to produce the same

amount of heat. As a result, the advantage of lower

sulfur content in the western coals is at least partially

offset by the requirement to burn more of these

coals to obtain the same amount of heat, Such

considerations make the choice of pollution control

strategies for a particular site or application into an

increasingly complex task.

SO, Em sio s from
Burning Different Coals'

ELECTRICAL GENERATION

HEAT BASIS 1000 MWe PLAN'T'l

(LBS S01/102 BTU) (Tons S02/Year)

% Sulfur in Coal Western Coal at 9000 BTU/Ibb Eastern Coal at 13000 BTUs /lb Western Coal at 9000 BTUb/lb Eastern Coal at 13000 BTUs /lb

2 4 3 14,000 10,000

6

1

1.3 .9 44,000 30,000

10 2.1 1.5 , .7400' 50,000
3.0 6.3 , 4..4 110,000. 150;000

0
. 10:6 7.3 360,000 250,000

7.0 14.8 10,2 500.000 340,000 -

Does not meet EPA standard: 1.2 lb S02/106 BTU.

Assumptions a-Based on 5% sulfur residue in ash.

b-Typical of high-ash Western coals with percent Sulfur .2-3.0.

c-Typical of high quality Eastern steam coals;

(1-No SO, controls; 75% operating time; 33% thermal efficiency; 67.3 < 10'2 BTU/year thermal input.
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Emerging finer
Technologies

Impacts of

Synthetic Fuels,

Oil Shale

Alternative methods for converting coal to gas and

liquid fuel, and for extracting oil from oil shale, may

become significant energy sources within a decade.

Each method, however, raises potential pollution

impacts. Estimates of these impacts, and ways to

control them, are currently under development,

w. y Al al 4. 04 no/

Estimated Pollutants from
Advanced Fuel Processes

Low BTU Gasification High BTU Gasification Coal Liquefaction

Western Illinois Western

Units Coal Coal Coal

Illinois

Coal

Western

Coal

fi Illinois

Co'al

Oil Shale

Colorado

Air e tons/yr

Particles 0.69 0.69 590 760 511 490 370

SO, 470 1,815 1,450 .8,390 1,200 1,580 4,290

NOx 910 910 5,740 6,270 6,860 6,8611 1,590

CO 26 26 300 330 1 270 270 140

HC 26 26 93 i ... 100 2,100 2,100 '2,140

NH, 46 37 28 . 45

-----\ .,

Solid Wastes tonsiyr 360 000 490,000 374,000 S:10,000 372,000 570,000 11:o00 'x IV

Land Use acres , 3,190 3,190 1,400 1,0 3,254 3,254 2,000

Water requirements qal '02x 19" 520 x 10' 4,300,x 10" 4,300 x 10' 2,200 s 10' 2,200 x 10' 1,400 x10"

'On the basis of an annual supply to a 1000 MWe power plant with .33 thermalieffkiency and 75% load factor 167.3 n BTU /yr]

;
Source: Radian Corp 1975

26

53
It



Nuclear Energy Questions

---Quaritines of
Radioactive Wastes
Volume of Low Level Wastes'
Buried in Commercial
Disposal Sites

Just as with coal, nuclei
environmental problem
environmental issues as
involve the entire nuclei
and milling of ore throu

18

15.8

14 13.2

11 2

9.3
10

6

2

Through
1973 1974 1975 1976

Does not include recyclable fuel
About 50% of the volume is front poyplants and
50% from other sources (e.g. medicogises)

Source: Dragonette, 1977.

160

120
0

g

2
80

40

0

Source: NERC, 1976.
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of Security and Wastes
r fuel has its attendant
; and controls. The
sociated with nuclear power
1r fuel cycle from mining
3h enrichment, use,

26.7%

14.4%

recycling of spent fuel, transportation of fuels, and
long-term storage of nuclear wastes,

Normal radiation emissions during the
transportation, processing and power generation
phases of the nuclear cycle are extremely low and
have not been as much at issue as the potential
consequences of various accidents, acts cTSaF61ag7

or use of byproduct plutonium to create a health
risk or nuclear weapons.

The issue of storage of nuclear wastes revolves
around the extremely long radioactive "half-lives"
of nuclear wastes. Such material must be securely
stored for hundreds of years. Nuclear power
produced approximately 9% of our electrical
energy in 1976.

Electric
Generating capability

13.3%

6.9%

al Oil Hydro Gas Nuclear Other

55
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Water and Energy
Development

Requirements
of Different Fuels

ol =miW11.1111..10
Nearly all sources of energy require water for

refining and/or conversion and consumption.

Therefore, availability ofwater in an area must be

considered when choosing the locations for energy
extraction, and the techniques used to extract and
use that energy, In water-short areas, the need for

56

Water Consumption in
Energy Systems

600

500 -

527

a5 400 -
0

1

9 300

o.

0

1 002
(.7

234

water for energy extraction and processing must be
balanced against other major water needs such as
agriculture and municipal water supplies. For
instance, the daily water use by a conventional
500 -MWe electric generating plant isiequal to that
of

31-200

11111 Makimum

Minimum

IIIII Average

146
37-158

100 -

19-29

Geothermal Nuclear

Electric Electric

Fossil-fueled Coal

Electric Gasikation

Source: Adapted from U. S. Geological Survey, 1974.

Coal Oil Shale

Liquefaction

14.3
6.7

MOB maw
Uranium Oil Refining

Fuel

5P7essing



Daily Water Usage--
Power Plants
and Municipal Use

500 MWe

Nuclear

Plant

500 MWe

Fossil

Fueled
Domestic

Central

City with .,

'Population

of 20,000

Total Daily
U.S. Consumptimi
of Water for 1975

200

150

LI)c.
0

73

45 100

C
0

Manufac-

turing

50

Domestic

Central

0

Sauce Derived from data on other charts on this page.. Source: Based on Hittman, 1976.

58
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Energy PrOtesses

and Water

Estimates Will Vary j Water Requirements Thermoelectric

of Fossil Fuel Generation

Processes (Acre-feet per year)

Precise estimate's of water-use by various energy

systems depend upon several major assumptions,

As can be seen'from the accompanying tables,

I ;

different assumptions will produce different

estimates. Such problems make '1/4+ ,

energy-environment decision making an art as'well

as a science.

30

Unit'

U S.G.S. Circular No. 703 (fossil) 13.450

) (nuclear) ?.151.,000500

Westwide Study

(nucleari 25,000

Water for Energy/Upper Colorado

Water for Energy/Upper Missouri (fossil)ill

17,650

)156,700

U.S. Dept of Interior (fossil) 16300

Kaiporowits Draft EIS

14:0

US. Dept, of Interior (Hybrid) (fossil)

4,San 3uan Draft EIS (Wet) 4

'Unit: 1000:MWe/100% Load

Oil Shale Production
Coal Gasification

(Acre-feet per year)
(Acre-feet per year)

Unit'

U.S.G.S. Circular No. 703 (loiY) 12,150

(high) 20.100

U.S. Dept. of Interior (low) 7,100

Draft EIS (mid) 17,000

Jnit'

El Paso Gasification Plants (N. Mex.) 11,381

El Paso Gasification Plants (N. Dak.) 18,000

Wesco GasifiCation Plants 8,226

U.S.G.S, Circular No.'703 (lot) 10,000

(higE 45,000

(high) 21,200 Water for Energy/Upper Colorado 15,000

Western States Water Council (IOW,' 7,600 Water for Energy/Upper Missouri 1.0,900

t
(high) 18,900 NGPRP 9300

Water for Energy/Upper Colorado 17.400 Western States Water Council 10,22

Brown, Kneese 17.922 Brown, Kneese 1 9,57

'One unit = 100,000 bbl/day 'OnelUnit = 250 x scf /day

Source: Roach, Undated .



Pollution
COtrols

Introduction

This chapter focuses on the techniques, and their

costs, forreducing air pollution from coal-burning

systems, So?ne of the needed technologies are not

yet available, especiallylor industrial-scale

PI' I I I ' III

coal gasification and fluidized-bed combustion, are

currently being devdopekEstirnates,arcYfhat,

between 1976 and 1985; this country wlllpend

more than $30 billion to;o;iitrol pollution from

energy generating processes.

Contents

34 Environmental Pfoblems/Controls

36 Pollution 66ntrol Technologiesli

38: LowSulfur Coal

40 Coal Cleaning

Scrubbers

44 Costs of Alternative Control

45 The 80tom Line

62
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Environmental
Problems / Controls
Many Problems,
Some Solutions

.All phases of cnergy,use=-2-from extraction, to .

processing and conversion, to power generation, to
firtal-clisposittati'of-resiritretl-onstecktce--
environmentatirnpacts that t ould'severely limit our
ability to develop-aoestic energy resources. These
environmental problkrpms can, to a greater or lesser..
extent, be controlled. The table indicates some of
the environmental problems associated with major
phases of the development aqd utilization of coal,
oil and uranium resources, arid the relevant
environmental controls to address these problems.

34



Env rohmental Problems/
Co rol Technologies

Extraction Processing /Conversion

COit

Unit ound Mining

Acid inage * Contain/Neutralize

Solid. Well-Managed Landfill

SurfadtMining

Runoff tblids

acid Drop*

Sedimenti

Air Particles

Solid Wastei;k,

Physical Coal Cleaning

Air Particles Dust Cintrol

Hi sulfur Solid Waste Recover Sulfur

finoff Solids Contain

Acid Drainage Contain /Neutralize

Control/ Treatment of Runoff Gasification /Liquefaction I ?)

-10 Well.Aaged Mine Runciif Solids Phys..Chem. Treatment

Restoration and Retiegetatiurr`Organic Wastes

Toxins + Phys..Chern. /Biochem.

Carcinogens Treatment

Solid Waste Landfill

Waste Heat P Cooling/ Reuse

Fugitive/Accidental Design to Eliminate

Release of Toxins;

Carcinogens

Generation

Power Plants (Conventional)

Sulfur Oxides 0 Scrubbers, Fluidized-Bed,
Clean/Cleaned Coal I?)

Nitrogen Oxides * Scrubbers, Combustion *dill.

cation, Flue dos Treatment

Flyash and Smoke----* Cyclones, Baghouses, Elec.

Particles troslatic Precipitators,

Scrubbers

Solid Waste (Ash) .0 WellManaged Landfill

industry

Stilfur &des Cfean(Cleaned

. ' Coall?), &rubbers. ^

Nitrogen Oxides Combustion Modification
:4

Flyash and Smoke Electrostatic Precipitators,

Panicles: Ouses COlopes

Petroleum

ScrubbOs

Oil and'Gas Went:

Hydrocarboq Air Tighter Control of Fugitive

Emissions . Emissions

Liquid Wastes

Organics Blocher. /Phys.Chem.

Treatment'

P PReinject

Refining

Solid Waste (Ash)

Commercial /Residential

Oxides

Landfill

Hydrocarbon Air

Emissions

Liquid Wastes

Tighter Emission'Control

Sulfur Low-Sulfur Fuel

Nitrogen.Oxides Combustion Modification
Organics

Solids

Biochem. Treatment

Phys.Chem. Treatment
Flyash and Air

Particles

Solid Waste (Ash)

Electrostatic Precipitators

Landfill

Runoff

Particles Tighter EmissiOnAir Control

Saline Brines,

Materials .

Runoff Solids --* Phys.-Chem: Treatment

/i 'Uranium

Surface Mining

Radioactive

Tailings

Air Particles

Radioactive

Runoff

Sod Waste

Sediments

Refining

Fugitive Emissions

of Radioactive

Contain All Radioactive Wastes
Gases

Contain /Treatment of Radioactive Solid

Non.Radioactiue Waste Residues

Contain All Radioactive

Emissions

Long.term Storage of Radio.

active Waste

Decommissioning of "Hot'

Structures !Equipment

(?) = Technologies not yet available,

Source: Adapted from U. S. EPA, 1977 e. 64
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Pollution Control
Technologies
More Work to Be Done
,
Some energy-related pollution control
technologies, especially for large utility boilers, are
now available. Others, either more efficient, more
economical, or more broadly applicable to other
pollutants or uses (e.g., industry), require enslve
research and development. Some of the key;
energy-related control technology issues are:

Development has cOncentiated on lar e
units. Control technology development f
removing sulfur and, to some extent, nitrogen
compOunds from combustion gases has been
concentrated on very large applications such as
utility boilers.

Limited applicability. The successful control
technologies for large utility boilers are not
always directly applicable for.smaller size boilers
or furnaces used by industry. The adaptation of
control techniques for wide-scale application in
industry may require 2 to 6 years or more
beyond their availability for use by utilities.

Availability qf low-sulfur coal. Low-sulfur
coal or physically cleaned (desulfurized) coal is,
usable in utility, industrial, or commercial
applications,-but is currently in shosupply
(about 10-20% of potential requirelrients).
Pexeloprrkto of major new rnines and
transPortation"faciHties atld/or,corjsst } ctlon.o #A
rnajor.nVwvoal,cleanin§ facititiestptildit*i0V;
the availability of low,-SUlfur coals. This would,
however, reqttire seveial years for completion
and would involvesigNffiCant capital
investments.

66
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Applicability

and Rails of
Pollution Control
Technologies

PoHutants and

Control Technology

Pollutant

Reduction

Efficiency

( %) Utility

Time Frame of Applicability

Industrial

Residential and

Commercial

For SO,

Flue Gas

Desulfurization

Physical Coal

(.1, Cleaning

Chemical Coal

Cleaning

Use of Low-Sulfur

Coal

Fluidized Bed Combustion

(with chemical sorbent)

al Gasification

Low BTU

High BTU

Coal Liquefaction

Petroleum Desblfurization

For NOx

Combuition

Modification

Flue Gas,Denitrification

Petroleum DiMitrification

For Particulate Matter

Inertial Devices (CyClones)

Electrostatie.Precipitators

'Wet Scrubbers

80.95

20.40

10-60

12 30

80.90

90.95

90-95

90-95

High

Current (New and existing

plants)

Current (Limited

availability)

Post-1980

Current (Limited

availability)

Post.1980

(Widely Applicable)

Post-1980 (More

applicable to new units)

Post.1980 (New and

existing units) (high costs)

Post 1985 (New and

existing unity;

Current (Fully applicable)

2080 Current (Applicable to

certain types of units only)

60-95 Post-1985

80 .90 Current

98 Current (Widely applicable)

>q9 Current (Widely applicable)

80 98 Current

ores U S EPA, 1977i Ponder, 19763; Shimizu, X9:75.

Current for Large -Scale

Installations Onlyabout 1980

Current (very limited

availability)

Post 1980

Current (Limited

availability)

Current (Or very

near-tpm)

Applicable Oti19 to

Largest Units

Post-1980 (Widely

applicable) (high'costs)

Post 1985 (probably

applicable to larger units only

Current (Fully applicable)

Currentwidely applicable

for larger units

Posh 1985

Currentwidely applicable

for all size of units

Not Applicable

Current (very limited

availability)

Post 1980 (Limited

applicability)

Current (Limited

availabilityjapplicability)

Not Fully Evaluated

Not Applicable

Post-1980 (Widely

costs)

Under EOaluation

Current (Fully applicable)

Partially Applicable

(Under evalytion)

Not Applicable

Currentwidely

applicable

Current for Larger Installations 'Not Required

Current for Larger Installations Not Required

Current Not Required

a
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Low Sulfur Coal
A Naturally
Cleaner Fuel

4,,':.. ',
Use of low-sulfur coal is orte"6pprpach to controlling
the sulfur emissionslroiriCtial-fired power plaints.

while most of the 4. m7 e 1 e c tr i c power generation

Most of the low- sut i--ePal reserves are in the"west,

(which will burry doalkis itlithe east and midwest.
,?

.

1, -*
Tougher envtroltimehl'sfandp In

/
can that a

smaller porti f ti
..

,coals will meet
standards wit '.7 tioia e I,'rqls. Many of the
low-sulfur we .1,

content. This r.
41` " ''.114* 0 'WO 10W i'n heat
I.; Jo ,r ,hither transportation _ '

costs compared WI,:;.. ,"in coals. Again, 0ie coal,,e'.'
consumer ip the e. Aid mylwest rntist,balinC'e the
economics of seyAral zkiterheike (or, co:Mbined) ,

-.7methods Ptfaiidng aff.pongtion staodards. A i" A7
, . ., ),

major use of-western &rats may well-be in the mine-
site generatiOn of power or prOduction-of-syrithetic
fuels for transportation to uler areas.

-r.

38
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Low Sulfur Coal Reserves Vs.

Steam Electric Power Generation61411.=.10.10i

66% of Reserve

34% of Reserve

Coal reserve estimates

adjusted for heating values

Hawaii: Negligible Reserves and Cisumption

Alaska: Potentially Large Reserves, Minimal Consumption

Source: Adapted from U. S. DOI, 1:975

?o

Key:

Steam Elec er Generation

> 1.5 Million KwH per Sycor,010,

E 0.5 1.5 Mill wH per Square Mile

0 0.5 Million KwH per Square Mile

7$



Coal Cleaning
A Partial
Near-term Answer
Established methods of crushing and washing/
separating (physically cleaning) coal can remove a
significant amount of sulfur at the mine. The
"cleanability" of a coal depends upon its
composition, which varies markedly from one
geographic location to another. Some coals can be
cleaned sufficiently to meet current SO2 emission
standards. When more stringent standards are
promulgated, other control methods will be
required in addition to, or instead,of, coal cleaning.

In interpreting the oppoSite chill, the reader should
note that the quantities of reserve in various regions

Pare given in terms of weight, not energy content.
This latter Trieasure varies greatly from one location
to'atipther. Also, one should note that the
perpept,4ge cleanability estimates are based on a
litnitea t,flilbcr of samples, and serve only as
grcits'in'dktriSirs of cleanability in the large regions
shown .
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Coal Deposits and

Physical Cloning

Potential New Standards

Figures on ability to meet EPA SO2 standards refer to current new source emission standard of 1 2 lb SO2 per million BTU

A more stringent new standard is currently being considered by EPA If Promulgated, the new standard would, in effect,

reduce the percentatA of "as mined" or "physically cleanable" coal capable of meeting the standard

Notes:

III Quantities of reserves in each region (given in tonsl are not proportional to energy content For example, much of the vast reserves in the western region

consists of types of coal with low heat content

121 In this chart, 50% of deep coal is considered "recoverable reserve' in the "deep mined" category, and 85% of shallow coal Is considered recoverable inthe

-surface mined" category

131 Results reported above for ability to meet SOx standards on an "as mined- basis or 'physically cleanable" basis reflect percentages reported for 455 samples

from all regions Because the cleanability and sulfur content of coal varies greatly within very localized areas, many more samples would be required to give

precise estimates of the coal cleanability within each region. Percentage estimates given above refer to technical Capabilities, and do not necessarily reflect

economic conditions

Western Region

Recoverable Coal Reserves (billion tons) 141

Meets EPA SO2 Standards as Mined . 70 %

Physically Cleanable to Meet

EPA SO2 Standards (see note 3) . 94.98 %

Western Midwest Region

Recoverable Coal Reserves (billion tons) 11

Meets EPA SO2 Standards as Mined . . , 3 %

Physically Cleanable to Meet

EPA SO2 Standards ... ( 6 %

Eastern Midwest Region

Recoverable Coal Reserves (billion tons) 51

Meets EPA SO2 Standards as Mined , . 1 %

Physically Cleanable to Meet

EPA SO2 Standa(cls ........... 24 %

Northern Appalichlan Region

Recoverable Coal Reserves (billion tons) . . 36

Meets EPA S02$!andards as Mined 4 %

Physically Cleanable Meet

EPA SO2 Standar s 12 .,31 %

Southern Appalachian Region

Recoverable Coal Reserves (billion tons) . . , 20

Meets !PA SO2 Standards as Mined . 35 %

Physically Cleanable to Meet

EPA SO2 Standards 50 63 %

Alabama Region

Recoverable Coal Reserves (billion tons) . 1

Meets EPA SO2 Standards as Mined 30 %

Physically Cleanable to Meet

EPA SO2 Standards . .. < 40 %

Summary of U. S. Coals

Recoverable Coal Reserves (billion tons) . 260

Meets EPA SO2 Standards as Mined . . . 14 %

Physically Cleanable to Meet

EPA SO2 Standards . . 24 32 %

Sources:

Hall, (undated) (Reco erable reserve data).

Cavallaro, 1976 (Cleanabillty date).
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oet

Scrubbers
Removing Sulfur
After Combustion
The most promising sulfur-control technology to
date has been a flue gas desulfurization (FGD)
'scrubbing' technique for which nearly $4 billion has
been committed by industry. The combined
electrical power output represented by this
investment is 40,000 megawatts or 10% of this
nation's generating capacity.
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Costs Associated with
Various FGD Systems

f I. a 500 MW Plant

energy

penalty capital

% of plant costs'

output $/kw

added

operating

costs

mils /kwh

double alkali

magnesium

oxide

wellman.lord

Source: U. S. EPA, 1977 h



Costs of Alternative
Pollution Controls

In Search of the
Optitnu Mix

There are num er of alternatives available for

cleaning up sulfur dioxide, nitrogen oxides, and

particulate/matter resulting frOrniossil fuel burning.

Whin incremental control costs alone are

examined, there are wide ranges in capital,

operating, and annualized costs for different

technologies. Physical coal cleaning, for example,

may be less.than one-sixth as costly as'flue gas

cleaning,,in terms of capital equipment, for

removing a limited amount of sulfur. Unfortunately,

coal cleaning is only partially effective in removing

the sulfur and is not at all,useful with some types of

coal. Technology developments during the next

five years in any one of these areas will significantly

affect cost estimates.

7,9

.za

Control Technology,

Pollutant(s) Controlled,

and Removal Efficiency (%)

Capital

Equipment Operating

$ /Kly ' mills/kWh

Total

Annualized

mills /kWh

I/
Pollution Control Costs

as Percentages of

Capital' Equipment Investment

For SO Control

Flue Gas Desulfurization l A5%)

'Physical Coal Cleaning (2040%)

Chemical Coal Cleaning 150%)

Use of Low-Sulfur Coal 112 30%.)

F,ulidized-Bed Combustion (>85 %)

Coal Gasification I 95%1

Coal Liquefaction ( 80%) ,

For NOx Control

Combustion Modification (2060%1

Flue Gas Denitrification ( 75 %)

For Particulate Matter Control

Inertial Devices

. Electrostatic Precipitators ( >98%)

Fabric Filters ( >99 %)

Wet Scrubbers )80,98%)

60-85' 2.1-3.6 ?(4-5 4

9.22 0.151.20 1.5-2.0

Depends on

type of coal

1319

2.4

Technology in early stages of development

Function of coal prices

(Inherent in boiler cost)

75.125 N/A N/A

60.90 N N/A

0

.17.28

1320

0.50 -7' 0.01-0 35 0..005-0.030 0.1-2

(Expected to he equivalent to SOx Flue Gas Desulfurizationl

0:

30;90

38- 48

49

' Costs based on'installation in new units, 1977 dollars

' Casts based on 1975 dollars

'I Running total plant costs of $450 million (1000 MWe)

L Sources: Ponder 1976, Siiimizu, 1975: Ponder, ,1976b

(Used in conjunction with lechniques listed below)

0.040.07 0 9.2.8 7.-20

0 01-3 0 1 5 2 5 8-10

4 X20 11
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LinThe Bottoin e
. 7,T

1
ontro Aggregated Expenditures

t,
Total Costs fot
of Energy,Re

Poll tion

Significant outkys will be required over tje next

decade` for energy-related tollution coptrdii, Even.

with such expenditures, however, it will be difficult

toneet all health-based quality standards in all

areas.

4

Millions of 1915 Hats Except as Noted)

Industry Segment

4

Pttriod

Covered

Capital

Investment

Total Total

Annualized Operating and

Capital Coat Mairiienance Cost

'Air Pollution

Coal Cleaning! 1976-85 14 30 14

Coal Gasification' 1976.85 120 68 53

Natural Gas Processing' 1976-85 . 51 180 242.

Petroleum Refining2 1974-83 3,277 799 lin 1983)4

Steam Electric Power Plant3 1975-85 20,000 N/A 2,700

(in 1985)

Water Pollution

Petroleum Refining': 1974-83 2,666 , 1,064 (in 1983)4

Steam Electric Power Plant3 1975-85 5,000 N/A 500

4
(In 19851'

!Source. U.S. EPA, 1977d.

2Source U, EPA, 1976c,(Amounts shown are in 1974 dollars and exclude $330 million capital investment for facilities to provide

ene y to Operate EPA installations I, . '

3Source: U.S. EPA, 1976d

4Combined.total annualized capital costs and total operating and maintenance costs.

,e

A
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Health and

Envi

4'

t;

A
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lOttoduction' Contents
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,

)

ThO health and etcologi ffects of e neigyi 48 Health and Environmental Effects

pOillitants range hm th tie, long-ttim harm ' 54 Sulfates in Air

We by chronic exposu thi c":, 56 Accidents and Non-nuclear Energy
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Health and
Environmental Eff
Sulfur Oxides
and Nitrogen` Oxides
Energy-related pollutants must be controlled
because of the damages they do to human health
and the productive environment. EPA standards
for air and water quality are based upon
measurements of these damages.

Above certain exposure limits, energy-related air
pollutants such as sulhir oxides and nitrogen oxides
may aggravate emphysema and cause other forms
of lung damage. These pcautants can also discolor
and retard It wowth Of 'vegetation and crops.

Nitrogen oxides and their reaction prods can be
absorbed or precipitated out of the air and into .1

water su plies'. As either an air or water pollutant,
nitrog compounds can-cause serious illness and
dra tic changes in vegetation.

1,t

48 8





ects igf Energy Pollutfints SO and NO

p ,

*dant
.

Health Effects Effects on Vegetation

Effecti.On Aquatic and

Terrestrial.Organisnitt Air Standards
I.

Sulfur Oxides S02---*S0,3-4H2504. The

SO x heart and lungs are the ma-

jor target organs for SOX.

The presence of SOx M-

r creases bronchio constriV

hence aggravating asthma

and emphysema and de-

creasing lung ventilation.

Nitrogen Oxides

NOx

N4-4.NO2 by photochemi-

cal oxidation., NO2 is four

times as toxic as NO. At

high levels NO2 causes pul-

monary edema and death

while at low levels the effects

include ernplilysema poly-

cythemia, leugocytOs and

serigitivity to infection, In 'ad-.

dition to lung damage, liver

kidney and heart damage

mayjAccur. Eye and

irritation may oc

NOx exposure orret

with lung cancer indu

NO1., and NO2. in "'w

may cause rnethemoglobi-

nemia-and death. NO2' may

cause cancer,

Sulfur oxides are highly tox-,

is to vegetation; effects Ire

elude: interveinal necroses,

yellowing of broadleaf spe-

cies and reddish discolora-

tion of conifer needles. Acid

rains may also damage veg-

etation or alter soil condi

lions.

Nitrate 'n water are rapidly, re-

moved by quatIc plants and

may result eutrophIcation

Nitrogen (nitrate or ammonia)

should not exceed 0.3 mg/I

in lakes or 1,0 nig.)I, in free-

flowing streams to prevent

algal blooms, 'Nitrate ion, a

minor component, is toxic to

,aquatic organisms but they

very resistant to nitrate.

vestock poisoning may oc-

cur. horn nitrite Ingestion. It.

recommende

.:trA: plus nitri

exceed 1

2 -N

ppm.

Aquatic communities

affected by increastng ac d

conditions due to acid rains.

Animals are sensitive to high

SOX concentrations.

TLV' for 502 is 5.0 ppm.

Federal Primary Arntient

Air Standard! (or SO2 are:

365 pg/m3 (0.14 ppm)

24 hr. standard; 80 pg m3

(0.03 ppm) annual standard,

The secondary standard Is

1300pg/m3 (0.5 ppm).

Adverse effects on plan

hornT2 include: defolia-

tion, chlorosis, irregular ne-

crotic spots, tip and margin

burn, high leaf gloss, inhibi-

tion of photosynthesis and

growth retardation. Middle

age, rapidly growing leave

are most 'Sensitive. Nitr

because it is an i

nutrient, is considere

set it; irrigation water',

that the -

ogen not

and that

not exceed 10

TLV for NO is 25 ppm.

TLV for NO2 is 5.0 ppm.

TLV for HNO3 is 2.1 ppm.

Odor perception at 0.12

ppm.

Federal Primary Ambient Air

Standard is 100 ;g/m3(0.05

ppm) as an annual arithme

tic mean.

'TLV = Threshold Limit Value.' The concentra n of a substance to which a Wo kehan be exposed 8
. ,

Souri41itre Corp , 1976

r,

Water Standards

r-6

National Interim Primary

Drinking Water Standard for

nitrate as nitrogen Is 10 mg/

ml.

It has also been recommend-

ed that Nitrate- Nitrogen In

drinking water, not exceed

1,0 mmg/I
-1'

, .

or 40 hours per,* without significant health effects or discomfo



Health and
flvstercortiarilrital

Paritiuillatc Matte
Carbon _ Mortcaxici
estrbo ADicoxide
F brnbustion is a major source of particles

combustion produces carborr--,-
subtance, along with water, is h-e.

efficient fossil fuel Combustion.
dM

Patti es suspended in air can diminish visibility,
caugti,substantial lung damage when inhaled, and
can re0t2srcl_ plant grolkth. Carbon dioxide in h-44,1
conc *ntratioi-tg can be harmful. The major coPlern
With 02 however, is that excessive
co erarations in the atmosphere may hSve a
serious impact on the global climate.
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Effects of Energy Pollutants-Particles, tO and

Pollutant

Particulate

Matter

Carbon

Monox,

CO

M11.

Carbon Dioxide CO2 is not oidirlarily con-

CO2 sidered a toxic gas. At high

c°6centrati°n5
it stimulates

440 reilitation and breathing be-

comes labored. It forms car-

boxy'ltemoglobin and de-

{e pilves the brain of oxygen.

Symptoms of exposure in-

clude: headache, dizziness,

tinnitus, difficulty breathing,

muscle tremor, ',fatigue. and

unconsciousness.

Health Effects

Partictes 0.5 to 5.0p in dia

meter are most likely

cause disease. Chronic symp-

toms due to lung scarring in.

dude: difficulty breathing,

chest pain, cough, decreas

ed vital capacity and heart

disease.

CO reacts with hemoglobin

to form canboxyhemoglobin

May'result in brain damage

due to oxygen deprivation.

(..Symptoms exposure i n

dude. hea ache, dizziness,

nausea vomiting, systemic

pain, cherry red skin color,

and fatigue.

Source: Mitre Corp (976.

tin

Effects on Vegetation

Excessive dusting can clog

the stomates of plant leaves,

preventing air and water ex-

change.

Plants are insensitive to-,Cq'

levels known to affect man.t

N high concentrationS 'the

following symptoms are ob-

served: leaf curling, increas-

ed aging, reduced .gravity

response, reduced leaf size,

and feminization

Plants require CO2 for pho-

tosynthesis. High COz con-

centrations may increase the

acidity o? rain, secondary

affecting vegetation.

Effects on Aquatic and

Terrestrial Organisms

Suspended solids harm a-

quatic biota by racluNng light

penetration, suffocating bot-

tom dwellers, physical abra-

sion and habitat destruction.

This is especially serious in

nursery or. spawning site

i;il'he following 'levels of sus;

pended solids are recom-

mended: <25 mg /I (high

protection); 26,80 Mgil

(moderate); 81-40 mg/I

(low): over 400 mg l (very

low protection).

In water CO CO2. See

'next section foreffects',E

kJ

s

Covello tidqvi free Cpl

rarely exceed.20 ppm I

fOtwaters. Fish can occ

mote to concentrations as

high As 60 lopmtil wffl, try

to p even minor-in ,

creases in 002.

Alt Standards

TLV for nuisance particu-

lates is 10 mg/m3 total par-

ticulates.

Water Standards

Primary National Ambient

Air, Quplity Standard for

Su'spended Particulates Is

754/m3 (annual), and 260

kg/m3 (24 fir). The second-

ary standard is 60 ,pg/m3

(annual) and 150,ug/m3 (24

hr

VJ

TLV 50 ppm. National

Primary Ambient Air Stand-

ard is: 10000 ug/m3 for a

yearly average; 40000 pg/

m3 for a 24 hr. average.

.

TLV 5000 ppm.

'TLV iThreshold Limit Value. The concentration
of a substanCe.to which a Worker can be exposed 8 hoins per day or 40. hours per week, significant,he Ith Acts or discomfort

.1.



Health and
Environmental Effects
Hydrogen Sulfide
and Radiation
Sorrie geothermal energy activities release a
significant amount of hydrogen sulfide. Hydrogen
sulfide can be highly toxic to humans and other
animals. Few organisms can exist where it is present
in water. In air, its presence can be recognized by
the odor of rotten eggs.

.

Although nuclear-powered electricity generation is
carefully controlled, it is possible that radioactive
materialg can be emitted to the environment. For
instance, .the waste or from which uranium has
been milled must be well stabilized to assure that the
remaining radioactive materials do not enter the
biosphere. The same is true of the used fuel and
other wastes from nuclear.powerplants, which
must be carefully stored and guarded against
potential sabotage. Exposure 'to nuclear radiation
can cause cancer and a reduCed life expectancy.

,Wild plants and animals also are affected and can
absorb and accumulate such radioactive substances
to hazardous concentrations.

W
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Effects of Energy Pollutants 112 dioactivity

Pollutant Health Effect's

Effects on Aquatic

Effects on Vegetation Terrestrial Organism

Hydrogen

Sulfide

H2S

Uranium

H25 is /highly toxic. It It a

pulmonary irritant but its

major effect is paralysis of

the nerves governing respira-

tion leading to asphyxiation.

Low level exposure may re-

sult in: fatigue, metallic taste,

nausea, vomiting, diarrhea,

pulmonary edema, eye irri-

tation and dizziness. Chron-

ic exposure can cause kid-

ney, liver and/or brain dam-

age.

Exposure to the radiation

from uranium can result in

induction of leukemia, in-

duction of neoplasms espe-

cially lung cancer, cataracts,

reduced life expectancy,

genetic effects, sterility and

suppression of immune re-

sponses. Uranium especially

accumulates in and affects

lungs, bones, kidneys and

liver.

At low concentrations little

effect. At 20 to 40 ppm tan

or white markings may ap-

pear on young, growing

leaves.

Radiation affects plants in

the following order of sever-

ity: tall plants (most severe),

shrubs, hedges, mosses and

lichens (least severe). Fields

are generally more resistant

to radiation effects than

complex forest ecosystems.

H2S'is extremely toxic to

quatic organisms. A ma

mum level of dissociate

hydrogen sulfide assumed to

be safe for all aquatii, or-

ganisms is 0.002 ppm.

ndards

V' m (skin) o

r perceptltin, between 1

Pg/rn3

Water Standards

4

Aquatic organisms often

concentrate radioactive ele-

ments. In general the fol-

lowing order of sensitivity to

radiation exists: Jarge herbi-

vorous mammals > small

mammals and birds >herbi-

vorous insects )filter feed-

ing aquatic invertebrates

unicellular animals and

plants.

,

4)4.-

'4L

4

For 'occupational exp

I. U natural = 5 x 10.-
t

ml,

For occupatiOnal exposure

Um natural = 7 x 10 -11

pc/ml.

For nonoccupational expo-

sure: U natural =- 3 x 10-12

pc/I,'

Standards also exist for 230U,

233U 234U, 235u, 236u,

238U and 240U.

I

sure:

pc/.

For nonoccupational e po-

sure: U natural = 2 x 1

pc/ml.

-5

")l

'TLV = Threshold Limit Value. The concentration of a substance to which a worker can be exposed 8 hours a day or 40 hours per week without significant health effects or discomfort,

Source: Mitre Corp ,1976



Su ates

A Serious

Health Problem,

Ai

The complex relations ip betweersulfur dioxide

emissions and sulfatern the atmosphere is

currently under intensive study, The rate at which

SO2 from power plant stacks is converted into

sulfates in the air is affected by the presence of other

air pollutants such as nitrogen oxides,

hydrocarbons, and adsorbent particles and by

, weather conditions. It is known that sulfur oxide

.emissions frOm fossil fuel combustion can travel

long distances, being converted to sulfates in the

process and possibly exposing populations and

ecosystems a hundred or more kilometers from the

original source. As a result, several areas of high

population are exposed to significant

sulfate concentrations.

(54

Mechanisms that Convert

Sulfur Dioxide to Sulfates or

Sulfuric Acid Aerosols

Health Effects of Aerosol

Acid Sulfates

Effect

Threshold

concen

'Lyndon

(ig /m3)

Duration of

exposure
Mechanism

Factors on which sulfate

formation depends

Direct photo-oxidation. Sunlight intensity
Increased daily mortality 25 24 hours or

Indirect photo-oxidation Organic oxidant concerto- (four studies) longer

tion, OH, NOx
Aggravation of heart and 25 24 hOurs or

Air oxidation in

liquid droplets

Ammonia concentration lung disease in elderly

(two studies)

longer

Catalyzed oxidation in Concentration of heavy Aggravation of asthma 6-10 24 hours or

liquid droplets metal (Fe, Mnlions (lour studies) longer

Catalyzed oxidation Carbon particle concentra- Increased acute respiratory 13 Several years

on dry particles tion (surface area) diseases in children

(lour studies)

Increased risk of chronic bronchitis

Cigarette smokers 15 Up to l0 years

Nonsmokers 10 Up to 10 years

Source: CEQ, 1975



Sulfate Pollution
Concentrations, 1974

ti

)0

Micrograms /Cubic Meter

Above 15 10 14 1 9 Below 1

Source: Adapted from Teknekron, 1977.
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Accidents and
Nonnuclear Energy

Undergro nd Mining

Leads in Hazards

Non-nuclear energy sources are prone to various

types of accidents resulting in injuries and deaths.

The facing charts; while they do not include

long-term health impacts (e.g., black lung disease), ,

clearly indicate that underground coal mining is the

most hazardous method of fuels for

energy. Much eastern coal is extracted from

underground mines. \

S"tral estimates have been made of the

pkabilities of, and potential damage from, nuclear

energy operations. These estimates yaw widely., '

They are not presented here becausd Of the

complexitiesof he assumptions involved and the .0,,!p

difficulty in presenting the data in a consistent and '

comparable manner.

Annial Deaths and Injuries by Energy
Source for a 1000 Megawatt Power Plant
with a Load Factor of 0.75
(Per Unit Energy)

Coal Mining

AccidentRates

Disabling 11041e1/

Million tmphiSi0Houii

Underground CoiWining

Surface Coal Mining

Overall Industry Average

(All member companies

of National Safety Council)

3

10.0'

9.8

Types of Coal

Mining Accidents
(

Percentage

Coal

Deep Sudace Onshore

Crude Oil

Offshore Import

Natural Gas

Total

'Fatalities

Injuries

4.00 2.64

112.30 41.20

0.35,

32.30

0.35

, 32.30

0.06

5.70

0.02

18.30

LNG Risk AnalysisTatalities per Million Years

NOModel

Los Angeles Oxnard Pt, Conception

Mari4 Terminal Marine Terminal %tine Terminal

Federal rower Commission

Science Applications, Inc.

El Paso Alaska Company

100 1 10
0.14 0,1 0.01 0.1 1.001 0.1

001

56, 1 U2

1
Underground (total)

Roof, rib, and face falls

Fires and explosions

Transportation (coal habla5e1

5urf6ce (total)

(Fall of highwall, equipment misopera

lion, electrical system malfunctions),

80

50

10.12

16-15

20

Oil Industry

Accident Data

Accidents/ Fatalitits/ Nutlet/
year year year

Shipping 63k
Blow-outs 11

Offshore rigs .5 '
Pipelines 135

fineries i

76.

6

1

(31/ .

A 1

3 5915

'Unknown

Mace: U. S. EPA, 1971 f
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A

CO2 from Fossil Fuels

A Potential Atmospheric
Global Impact Concentration of

Carbon DioxideOne of the by-products of most energy use on

earthfrom coal combustion in power plants to

food digestion by humansis carbon dioxide gas.

Since the industrial revolution, increasing use of

fossil fuels has emitted increasing amounts of

carbon dioxide (CO2) into the atmosphere.
i20

Some Monitoring studies indicate a gradual global
315

increase in the CO2 concentration. Extensive
310

research efforts are beginning to determine what ,L.
effect such an increasecould have on the

325

6
environment, Some theories predict that this

335

increase in CO2 Concentration in the atmosphere

may serve to trap heat and cause a'potentially .
a

330

disastrous'increase in global temperaturesthe .
0.

325

o 'greenhouse effect.' This theory and others are 2

currently under study. ' 320

315

ro 310

0

0

0
330

,D

ro

U 325

104

320

315

310

Scandinavian Aircraft

55N I .7
-- AA-

Only July values plotted.

SEASONAL VARIATION: 15 ppm
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Regional
Issues

Introduction

Each geographic region has,its own particular

energy-related environmental concern. Some

major regional concerns are: mining land

disturbance in eastern and western coal areas,

water requirements for energy development in the

west, acid rainfall in the east and oil spills in coastal

areas.

Margaret Bourke-White, Life Magazine©, 1954, Time, Inc
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Coal and the Land

Differences Between

East and West

In order to slip mine coal, the dirt above the coal

seam (overburden) must be removed. This

disturbance causes erosion and acid drainage in

the water-plentiful eastern areas and revegetation,

difficulties in the water-poor western areas.

Eastern coal fields, in general, have thinner seams

and are located on greater average slopeS than are

western fields, These factors result in greater

surface disturbance per ton of surface-mined

eastern coal. Western areas, with thicker seams and

gentler slopes, show less surface disturbance per

ton of coal mined.

60

Land Disturbed per

Million Tons of

Surface Coal Mined'

Eastern Western Texas Powder Foil. Green Four
Appalachia Interior Interior Gulf River Union River Corners

Average Seam

Thickness fft) 6.0 5.5 5.5 8.0 26.0 10,0 8.0 8.0
Acres per 106 Tons 95 ,104 104 71 22 57 71 71

' Numbers based on 1750 tons per acre-ft

Source: U.S ERDA, 1977c.
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Coal Deposits

in the United States

HAWAII

011,1411

YWI

CJ
0 tO

MIPIII (
\

Source: Adapted from U. S. Geological Survey', 1975.

Legend:

IICoal Deposits

IIScattered Coal Deposits

A Appalachia

El Eastern Interior

WI Western Interior

TG Texas Gulf

PR Powder River

R./ Fort Union

,GR Green River

FC Four Corners

111
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The Thirsty West
Large Demand

Versus a
Limited Supply
During periods'of low water flow, energy will
compete with food production and other uses for
scarce water supplies. The chart opposite is an
estimate of water resources potentially available for
energy development in the upper Colorado River
Basin. The graph depicts one possible future
allocation oflhese resources to competing uses.

11
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Water Available for

Future Development

in Upper Colorado

River Basin

150

Percentage

of Estimated

Future Water

Reserves

100

50

Legally allocated water (compact share)

Assumed reliable water resources

Conservative estimate of reliable water resources

In Progress

0

1974 1980

Note: Chart hes not indicate water resources already committed.

Source: Roach, undated.

1990

0

2000
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Coal Sluiry Pipelines
One-way Water Routes
Coal slurry pelines are being considered as aft
alternative coal shipment by railroad in many
locations hese pipelines would extend from the

and terminate at user locations. The
ould be pulverized, mixed with water, and

en pumped through the pipelines. -The water
supply at the slurry's source locations is oaf primary
importance. Coal slurry transport requires
approximately one ton of water to transport .one
ton of coal. Appr.e4,ximately one acre-foot of water' is
required to transport 1400 tons of coal.

64



Coal Slurry Palie line

Water Reqiiirements
4

Edmonton

10,000.

I nterprovincial

Lakehead

6Systern

Superior

17,000

Gillett

Min

11,000

Sarnia

East Lake

Plant

Gull Interstate

Northwest Pipeline

Nevad

Power

Arrow

Canyo

7,100

Alton

Energy

Transportation

Systems, Inc.

Mine

Mohave

Coal

Deposit

White

Bluff

Legend:

Existing

In Progress r

Planned

te: Numbers indicate annual water requirements in acre It. /yr.

Source: Adapted' from Wasp, 1975.

Power

, Plant
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Alternatives for
Western Coal
Choice of to
Determines Pollutant
Impact

.5

For increasing western coal production, different

alternatives such as shipping the coal to the

midwest, mine-mouth power plants, and coal

(conversion will each have different environmental

problems. Among the considerations to be weighed

are the,:

Environmental Problems Across
Alternative. Fuel Cycles a

pollutants produced

solid wastes generated

land disturbances and reclamation requirements

water requirements

secondary impactmining towns, roadways,

water and waste treatment/disposal

requirements, etc.

Fuel Cycle

Air emissions, in

thousands of pounds/

day Solid waste,

in thousands

of tons/dayb

Land use, in

thousands

of acresc

Water required,

in millions of

gallons /day

Occupational

health, in

thousands of

mandays lost/

year

Primary

product

efficiency

(in percent)
Particles SO2 He

Mine mouth

Surface coal mine (Montana) 55 0 0 0 5 0 3 100Coal-fired powerplant (mine mouth) 16 3,244 37 10 13 138 5 37Long distance transmission (Chicago) 0 0 0 0 161 0 NA 92Total for scenario 216 3,245 38 10 179 128 NA 34Montana gasification

Surface coal mine (Mohtana) 73 1
7 0 4 100Low BTU gasification Nine mouth)

0 41 4 16 9 22 22 76Low BTU gas powerplant (mine mouth) 44 269 3 0 138 5 37Long distance transmission to Chicago 0 0 o 0 161 0 NA 92Total for scenario 117 '312 9 16 182 150 NIA 26

*\10

R it haul

'Surface coal mine (Montana)
51 1 1 4 0 3Rail to Chicago
40 91 44 1 36 0 22 99COal-fired powerplant (Chicago) 147 2,976 34 9 10 117 5 37Total for scenario 238 3,068 80 10 50 117 30 37

119
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-\
Fuel Cycle

Mr emissions, in

thousands of pounds/

day Solid waste,

in thousands

of tons/day b

Land use, in

thousands

of acresc

Water required,

in millions of

gallons/day

Occupational

health, in

thousands of

mandays bet/

year

Primary

product

efficiency

(In percent)Particles SO2 HC

Slurry pipeline

Surface coal mine (Montana) 52 1 1 0 5 0 3 100

Slurry pipeline to Chicago 0 0 0 0 28 32 NA 98

Coal.fired powerplant (Chicago) 147 2,976 34 9 10
7

117 5' 37

Total for scenario 199 2,977 36 9 42 149 NA 36

Chicago gasification

Surface coal mine (Montana) ',7 1 2 0 6 0 4 100

Rail to,Chicago 52 120 59 2 47 0 29 99

Low BTU gasification (Chicago) 0 38 4 14 9 20 20 76

Low BTU gas powerplant (Chicago) 40 24 3 0 4 117 5 37

Total for scenario 160 406 67 17 67 137 58 28

Omaha generation

Surface coal mine (Montana) 70 1 1 0 6 0 4 100

Rail to Omaha 27 63 31 2 25 0 30 99

Low BTU gasification (Omaha) 0 39 4 15 '9 21 21 76

Low BTU gas powerplantt(Omaha) 42 257 3 0 i 2 122 5 37

Long distance transmission to Chicago 0 0 0 0 77 0 NA 96

Total for scenario 140 360 39 17 119 143 '1 NA

Itl
NA --: Not available.

a Tots may not add because of rounding.

i, The solid wastes associated with rail haul result from coal dust blown off the rail cars.

C Includes all the land in the transmission rightof-way; only a portion of the right.of-way land for the slurry pipeline because the land may be used for other purposes when the pipeline is buried; and

the portiorTf railroad rightofway equal to the portion of the total railroad capacity that would be taken up by coal trains.

Source: Adapted from'Radian Corporation, 1975.
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Alternativi Uses
of Western Coal
Environmental
Scenarios for
Electricity, Synthetic
Fuels

In addition to environmental impacts resulting from

western and mid estern energy extraction and

processing, the end use of the products will result in

additional problems. Different end-use scenarios

indicate the potential tiotionwide impacts of various
alternatives,

Alternative Energy Systems
in the West and Midwest

Air emissions (pounds/ hours)

End use Particles ,S0x NOx CO HC

Solid Land Water Energy
waste Use required efficiency

(tons/day) (acres) (MGD) (percent)

Electricity

Surface coal mine (Montana)

Rail to Chicago

Coal-fired powerplant (Chicago)

Total for scenario 9,919 127,812 106,707L. 15,527 3,329 10,480 50,311
Surface coal mine (Montana)

Slurry pipeline to Chicago

Coal-fired powerplant (Chicago)

Total for Kenn 8,290 124,033 84,950 4,973 1,482 9,130 41,992
Surface coal mine (Montana)

Rail to Chicago

Low BTU gasification (Chicago)

Low BTU gafpowerplant (Chicago)

Total for scenario 6,671 . ,907 99,912 16,321 2,776 16,230 66,640Surface coal mine (Illinois)

Low BTU gasification (mine mouth)

Long distance transmission to Chicago

Total for scenario 65,736 72,803 2,532 302 20,203 79,101
Oil well (Gulf coast)

Pipeline to Chicago

Refine (Chicago)

Oil fired powerplant (Chicago)

Total for scenario 1,284 24,743 89,129 4,i(81 11,400 9,940 25,708.

68 r

123

117 36

149 36

137 28

140 28

161 33

X24
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End use

,

Air emissions (pounds /hours)' Solid Land Water Energy

waste use required efficiency

Particles , SOx NOx CO HC (tons/day) (acres) (MGM (percent)

Liquid fuels

Surface oil shale mine (Colorado)

Retort (mine mouth)

Crude pipeline, to Chicago

Refine (Chicago)

Total for scenario ,923 6,099 4,541 858 6,016 185,362 20,135 38 68

Surface coal mine (Montana)

Liquefaction (mine mouth)

Crude pipeline to Chicago

Refine (Chicago)

Total for scenario 2,804 3,309 13,549 , 1,333 f 7,475 6,792 15,218 57 52

Oil well.(Gulf coast)

Crude Pipeline to Chicago

Refine (Chicago)

Total for scenario 1,029 2,041 597 3,154 3 7,725 11 93'

Surface coal mine (Mind

Rail to Chicago

Liquefaction (Chicago)

Refine (Chicago)

Total for scenario ';8,359 4,353 15,725 2,316 7,657. 11,148 32,368 .., 57 47

Gas ,

Surface coal mine (Montana)

High BTU gasification (Mine mouth)

Gas pipeline to ChicagO

Total for scenario 2,780 , 3,876 19,199 6,27r 1,148 5,560 9,827 64 65

Surface coal mine (Illinois)

'High BTU gasification (mine mouth)

Gas pipeline to Chicago

Totalior scenario 6,073 10,424 8.017 618 ' 165 7,930 15,252 64 61

Gas well (GUI( coast)

Gas pipeline to Chicago.

TOtal for scenario 52 166 2,091 59, 81,700, 0 16,892 0 96

On the basis of a 10" BTU per day output from the trajectory. ,

Source: Adapted from Radian Corp., 1975.
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Acid Rainfall
A Problem in the East
Burning of fossil fuels'has increased the
concentration of sulfur dioxideand sulfates in the
atmosphere. These pollutants contribute to the
acidity off rainfall that degradest4alth and water
quality, affects specific life forms and damages
property. Studies are currently being conducted on
the atmospheric effects of relatively long-range
movement of pollutant emissions from the midwest
and Great Lakes region to the northeast or into
Canada. Acid rains harm crops, fish, and timber,

----Land also damage building materials, outside stone
and concrete work, and some metallic equipment.

Regional-Impact
of Acid Rainfall

New York
dadelphia

Washington

LospH greater thin 5.5 Angeles

pH betteen 5.0 and 5.5;'

pH between 4.0 and 5.0

111 pH less than 4.0

Source: Adapted from
U. S. Congress, 1977.
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.0)

7,1

Fish Population Declines
as the Acidity of
Lake Water Increases

% of lakes

100

80

60

40

20

No fish

Sparse population

Good population

0 < 4.5 4.5.4.7 4 7-5.0 5.0-5.5 5 5-6,.0 > 6.0

pH of lake water

Note: Status of fish in 1,679 lakes in four counties

in southwestern Norway.

Acidity of Precipitation has
Increased Markedly in the Eastern U. S.. .

97 60Average pH of Annual Precipitation

1955.1956 1972

5.60 .

5.00

4.63

4,4 5,00

4.70 5,60 4.70
\,4.52

5,00

5.60

5.96

6.00 4,52

4.56

4.55

94.53
5.00

Source: Adapted from Likens, 1976.
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Oil in the Ocean
An International Problem
Oil pollution at sea conies from a number of

0,./ sources. More than 50% of this pollution cari be
attributed to river and urban runoff,, atmospheric .
fallout, and natural seepage. Spills `associated with
the production and transport of oil account for most
of the rest.

The following statistics relate to oil in the marine
environment:

Approximately 12,000 oil spills occur annually.

Seventy-five percent of human-caused spills
come from ships.

The number of tanker spills does not appear to
atipend primarily upon size or age of the tanker,
but upon the number of voyages.

Offshore oil production accounts for
approximately 2,000barrels of spilled oil per
year.

Spills of oil cost approximately.$1,000/barrel to
clean up.

72
(

Sources of Oil in
the Oceans
Source Estimated Contribution (X)

(Barrele/Yr)

Production and Transport -

Tankers
Dry
Terming Opefation--7-/
Bilges
Accidents

Direct Sources
Cbastal Refineries
Municipal Waste
Industrial Waste
Off-Shore Oil Production

Indirect Sources
River, and Urban Runoff
Atmospheric Fallout

Natural Sources
Seepage

TOTAL

16,000,000

6,500,000

14,000,000
4,500,000

4,500,000

45,600,000

34.9

14.3

31.2
9.8

9.8

100.0

Source: U. S. EPA, 1 77 f.



For Further Reading
Interagency Energy/Enuironment Research and

Development Program Status Report III,

EPA-600/77-032, by the Office of Energy,

Minerals and Industry, Office of Research and

Development, Environmental PrOtection Agency

1 (April 1977),

A detailed status report of the Interagency Program

including history, organization, and the basic

rationale for the Program, Some cost figures are

given for environmental control technologies being

developed and for health and environmental effects

studies of energy use.

Energy/Environment II, EPA-666/9-77012, by

the Office of Energy, Minerals, and Industry, Office

of Research and Development, U S.

Environmental Protection Agency. (November

1977).

A summary of the proceedings of the second

national conference of the Interagency

Energy /Environment Programs. this report

presents an overAD/ and status of the Program.

Principal topic areas addressed are: fuel processing,'

power generation for utilities and industry,

extraction and beneficiation of fuels, integrated

technology assessment, health effects of pollutants,

atmospheric transport of pollutants, measurement

and monitoring of pollutant discharges, and .

ecological effects.

A National Plan for Energy Research,

Development and Demonstration, ERDA 77.1, by.

the U.S. Energy Research and Development

Administration (dune 1977).

This brief, easily readable report presents the

federal research and development program for

energy development It addresses a broad range of

topics including: the role of energy conservation,

expansion of existing fuel sources, new types of

fuels (shale oil, geothermal, solar, fuel from wastes,

elc.), nuclear energy, and environmental safety

and research.

Western Energy Resources and the Enuirpnment:

Geothermal Energy. EPA-600/9-77-61t, by the

Office of Energy, Minerals and Industry. Office of

Research and Development, U.S, Environmental

Protection AgencY, (May 1977),

This document defines the extent and potential of

geothermal resources, the technology available for

development, and the constraints to growth. It

highlights major research and development efforts

being carried out by ERDA, EPA, and other federal

agencies. The report aims to provide the reader

with a balanced picture of the problems as well as

prospects ?or the development of geothermal

energy in the United States, and is intended to be a'

general reference for use by policy-makers and the

interested public.

Geothermal Industry Position Paper,

EPA-600/7-77-092. By EPA Geothermal Working

Group, Office of Research and Development, U.S.

Environmental Protection Agency (Atigist 1977).

The environmental impact of geothermal energy

development may be less intense or widespread

than that of somtother energy sources; however, it

is the first example of a number of emerging energy

technologies that must be dealt with by EPA. EPA

may consider a spectrum of options ranging from a

posture of business-as-usual to one of immediate

setting of standards. The paper discusses the

regulatory approaches and the potential problems

that geothermal energy may present in the areas of

air quality, water quality, and other impacts.

Oil Shale and the Environment,

EPA-600/9-77-033, by the Office of Energy

Minerals, and Industry, Office of Research and.

Development, U.S. Environmental Protection

Agency. (October 1977).

There is an urgency to produce more domestic oil

as existing supplies dwindle and world oil prices

rise, But what we know about the environmental

consequences of oil shale development is sparse

and often speculative, However, we do know that a

relatively small region of the country will have to

bear the full burden of these environmental

consequences. Two issues become basic to the

future of oil shale: Should the resource be

developed now with all of thtattendant

environmental risks, or can.we afford to wait until

we find out more .about the risks and their

prevention?, and: Is it fair trade local lifestyle for'

the national good?

The purpose of this report is t put oil shale

development into a realistic environmental

perspective and to describe what the government is

doing to insure,that development does not exact

an intolerable environmental price.

A Practical Approach to Development of a Shale

Oil Industry in the United States, prepared by

Colorado School of Mines Research Institute, P.O.

Box 122, Golden, Colorado 80401, Prepared for

Gary Operating Company, Fourinyerness Court

East, Englewood, Colorado 80110. (October

1975)..

A technically accurate and easily readable report

concerning all phases of the pil shale industry. This

study puts fortha wellreasoned proposal that the

oilshale industry should be developed in a gradual,

orderly manner instead of under a crash program.!

The idea hasConsiderable merit from t

environmental and financial standpoints. The

report was summarized as a Position Paper

presented to ihtCommittee on Science and

Technology, U.S. House of Representatives

regarding the 1976 ERDA Authorization Bill, H.R.

3474 (5.598).

1 3(4)
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and effectiveness of pollutant control methods.
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